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Abstract  -  ‘]’hC 11):1SS  and ]X)WCI’  Of a hctcmdync  SPCC(IWI1lC(C1” 11111S1  tX gtcal]y

rcdud [0 salisl’y  small spare mission constraints. WC. rcporl on a 220 (i] 17 rcccivcr,

mquiril]g, ICSS  than 4.8 W, with a mass of 1.25 kg,. ‘1’hc mass and power savings arc

acbicvd [hrougb  reducing componmts  (0 a mininlum, wbilc providing pcrfomancc for a

Martian  almmpbcric  sounder.

lN’I’I{{)I)lJ(;  ’1’10N

‘l”IvJ (l”klllsf(~llll:l(io]l  of waler from icc 10 vapor is onc of k most powerful forms

for change on planc(s  and small planclary  tmiics.  [ 1 -2]. (hw of tbc slrongcst transitions

of Watcl”, [Ilc ground s[alc t r a n s i t i o n , occurs near 557 G]  IY<, in lbc submillimcicr

wavclmg[b  region. A capab]c spcc[romc[cr operating in tbc vicinity of this line caI~

ad(ircss Ibc mcds of future Solar Systc  In cxploratim  missions. l;OI. cxmplc,  OD MaIY

such an ins[rumcnt  can characlcrizc  Ihc nalurc and lbc dynamics of lbc planclary

boundary layer by dck:mining, pressure, Icmpcralul”c, and humidity over diurnal  and

scasoINIl  cycles willllllc:ls~ll”~:lllc]  ]lsoftllcll[l:ll  spectral litlcclllissiollsll”olll”  CX)(ncar 577

(i] 17) and 1120.
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‘1’hc m:iss an(i power [ypica] of [i hckw)(lym spcc[romc(cr musl bc grcally rcduw(l

(() m:Ikc it a viable candid:l(c  for sm:il] spacr, missions. l;or instance, the Microwave 1.imb

Sou]ldcr c~]rrcn[ly flying on the Upper Atmospheric l<cscarch  Sa(cllilc, with three

hclcrodync  radiomclcrs, hns a mass of 283 kg and :1 rcquim 162 W [3]. ‘1’hc

S~lt>]]~illitl~  ctcI’W:]v~~ As(]”ol]O1l]ic:ll”  S[l(clli(c, tol~cl:l~l]]cllc(l in 199’7, has atotal  mmsof

92 f kg, Illl(i  ]N)WC1”  Of 6(1.7 w [d]. ‘]’hC. h4iClTNV21VC ]1)S(1”1111101[ fol” ]< OSCtt:i IIIStl’lllNCllt.  .

:lnticipatcs 16.’2 kg and 61 W [S], with two hclcrodync rcccivcrs at 2.36  CJIIY, and 502

Gl 17, and a full b:lck-md Spcctrom(w.

1 IC:IC wc rcpor[ on a pm[olypc ins[rumcn[ for dclcclion  of water throughout lhc

solnr syslcm, wi[ll Ibc (olal  moss of 1.25 kg, (cxclusivc of Iclcscopc) and power of less

than 4.X W. ‘1’hc Rrcat rcduc(ion  in mass and pmvcr was ;Ichicvcd  through nlininli~ing

rcccivcr  COlll JX)llClltS, w h i l e  slill milinlnining :Idcq LIalc functionality  for n Mars

:I(mosphcric  sounding imtmmcnl.  l;rcqucrwy  smnning  is mhicvcd  by Iuning  dlc local

oscill:l(or  (Ill), :ind thus climina[i[lg  (I]c n e e d  for fil~cr banks o r  t h e  hackcnd

spcclrc)nlctcrs.  1 n (Ilis case, I’rcqucnc  y multiplexing was tmdc(i for ]Ow mass and power,

l)rncc increasing the time quid 10 obt:lin a spectrum of (hc :ltmospbcric  emission,

acccplab]c for Mars sou]lding  applications. “1’hc mixer downconvcr(cd  signal  is dclcclcd

al lhc first inlcrmdinlc  f r e q u e n c y  (Ill) so that Ihc furlhcr  (iowl]coilvcrsio]]  is nol

ncc.cssary,  which removes low frcqwmcy 1.() sources and amp]ificrs. NOVC1 frequency

control  climinalm Ilm need for a phmc-locked loop sys(m as well as an aclivc Ibcrmnl

Contl”ol Sys(cln.

S i n c e  lhc 557 CiIlx mixer :ind msocia(cd  mul(ip]icr  chain arc still u n d e r

dcvclopmcn[,  wc hnvc prolo(ypcd a 220 G1lz version of Ihc ins(rumcn( to verify Ihc

conccp(. ‘1’hc block dingram of lhc 220 G] 17, radiomc(cr  is shown in liig. 1, :ind (hc piclmc



c)flllc’]l]”ololyj>cill”  liig. 2. ‘J’bc llc(cl.()(lyllc r~~ccivcr~lsc;s:l  s\}t>ll:lrlll(lllic  lll:lll:lr Scbotlky

diode mixer [6], an in]) lcmpcra[urc compcmabd  GIJNN oscillator at 110 Gllz tunab]c

ovcro.S  (ill~fortbc ].(), and an II; al 8 ~J]]7Wilb a ](IM]IY bandpassfi]lcr.  McasLld

mass an(i powcroftbis  rcccivcr amgivm in ‘1’able 1. of(-tl~c-sllclf  :\llll~lificrs  were used

in Ibis prototype. Additional powm rcduc[ion,  in cxccss of 1 W, will bc acbicvcd  by usc

of  h4h4]C amp]il’icrs.  ]’r{)jcctcd  mms and power  o f  S60 {;1 lx, mccivcr,  wilb Mh41C

amplifiers, arc shown in ‘1’ab]c 1 as WC]I. l]crc,  tbc s~lbll~illil~lc[cl.-wavc 1.() at ?.80 ~Jl]Z

uscs a 140 GIIz,GLJNN 10 drive a mulliplm.  ‘1’wo dctcdion  cbanncls arc required, since

curl”cnl]y  availab]c  140  ~J]]Z CIUNN oscil]a(ors  cannot bc b ias  lLIIICd for w ide  cnougb

l.:tllgc  t()(lc(cc[  lllL'll  a():lll(iC  ()lillcss illlLlll:~llc()  ~lsly .

‘I’llclow ]>(~w~:l. l.ofl~:(]ll{:l~  cyco]~[lol  isl~]ovi(lc{lll  ll’c)tlgll:i fcc(ltlack  loop, wbicb

cmsislsofa  IC:III]JCI”:IILII”L: SCI)SOI”I  I)OIIIIIC(I” on Ibc GIJNN oscil]a[or,  al~licr(~col~ll”ollcr,”  and

a jJI”(JgI’:II~~I]]:Iblc  vollagc supply. “1’bc bias voltage is a(ljustcci  10 compcnstitc.  for tbc

frequency CIrifl duc 10 tbc lcmpcra[urc cbmgc,  climina[ing  Ibc need for tbc pbasc-locked

loop sys(cm and [bc ac(ivc [hcmal  control  sysicm [7]. Acc:lll’:icy  (~ fc{)Llr~lc  {) fh411z\\~:ls

au bicvc~i,  whici~ is suflicicnt  for a (ictcc(ion  wi[b a 10 h411z wi(ic filter. As a cbcck,

symmclric Illc:lsllrc:]]lclltso]l botb si(imof  spcclral  lines will bc mxi 10 monitor lbc],()

fIU]ucIIcy.  A l~licl”ol>r(~ccssol””  atso controls tim G(JNN i)ias vo][agc  10 scan tile signal

ti~rougb ti~c 11 J fit [cr. “1’ilc II; is (ictcctc(i dircctt y at tbc 8 Cil IY. A (ictcc[or  a{ this frequency

is not an issue, wbilclmv  10ss fillcris wbal limits frequency rcsdution.  }Jor:iplllic:itiolls”

will] lligilcl”l.c.s(~llllioll  [Ilisapproacb is fL::isiillc,  tlll[l`l:c]~lil'cs  fil(C:r Cicvcl(J1>lllcill.

‘J’hc  JM’oto[y])C” rcccivcr was Icstc(i  using  a laboratory signal  source, a IT as a

Colltlwllc.  r, an(i a Spcctrllm  allaly7cl”as  a (ickxlor. ‘1’() dcmostratc tbc 1 .() tunability, a fixc(i

si~llal was observed al 210.9 G117, with tbrcc (ii ffcrcn[ 1.() scllings of 109.445 GI17,,

109.450” Gllz an(i 109.455 Gllz.  “J’IIc oulpu[  of llw mixer is shown in I;jg. 3 a. ‘Jo

dcmostralc the functionality of lbc cn(i-lo-cnd  rcccivcr, tbc fl”c(]ucllcy  of tbc laboratory

signat  was cbangc(i,  an(i lbc 1.0 frequency a(ijus[ui  accordingly to always prmium an l};
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at 8 G1 lz. Outpu( of the II: filter in shown  in l;ig. 3 b for signal ;\t 210.9 GIIz, and 1.() at

109.450 GI 17.

CONCJ,lJSIONS

WC have dcmonslra[d  more Il)nn a factor of 1() rcduclion  in mass and power for a

hclcmdync  rcccivcr  syslcm, cn:lbling  Ihc usc of lhis powerful 1001 for future space

missions. “1’hc 220 Gllz, radiometer with a total mass of 1.25 kg and power of less than

4.8 W was designed, assembled and lcstcd. I;ur[hcr power rcduclion  in cxccss of 1 W will

tw achicvcd  by using  h4 MIC ampli [icrs.
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